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(54) Two-way valve 

(57) A first displacement mechanism (40a) dis- 
posed on the axially lower side includes a first piston 
(42a), a piston rod (44) displaceable integrally with the 
first piston (42a), and a diaphragm (46) connected to the 
piston rod (44). A second displacement mechanism 



(40b) disposed on the axially upper side includes a sec- 
ond piston (42b) for moving the piston rod (44) to slide 
along a through-hole (66). A displacement amount (S1) 
of the first piston (42a) and a displacement amount (S2) 
of the second piston (42b) are different. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[0001] The present invention relates to a two-way 
valve having a first port and a second port for introducing 
or discharging a pressure fluid in two directions. 

Description of the Related Art: 

[0002] A two-way valve has been conventionally used 
for a fluid pressure circuit or the like. A conventional two- 
way valve of the above type is shown in FIG. 5 (see, for 
example, United States Patent No. 5, 1 31 ,627). The two- 
way valve 1 has a first port 2 and a second port 3 for 
introducing or discharging a pressure fluid. A piston 5 is 
displaceable under the action of a pilot pressure sup- 
plied via a pilot port 4. A communicating passage 7 pro- 
viding communication between the first port 2 and the 
second port 3 is opened or closed by a diaphragm (valve 
plug) 6 operated integrally with the piston 5. 
[0003] According to the conventional two-way valve 
1 , however, the flow rate of the pressure fluid discharged 
from the second port 3 via the communicating passage 
7 is previously fixed by the valve opening degree of the 
diaphragm 6 to function as the valve plug, i.e., the dis- 
placement amount of the piston 5 displaceable under 
the action of the pilot pressure. The flow rate of the pres- 
sure fluid discharged from the second port cannot be 
changed at multiple stages in the two-way valve 1 . 
[0004] If a certain fluid is charged into an unillustrated 
vessel, the pressure fluid is charged at a large flow rate 
per unit time at the initial stage. Then, the pressure fluid 
is charged into the vessel at a predetermined flow rate 
after the flow rate of the pressure fluid is changed to a 
minute flow rate per unit time at the intermediate stage 
or at the final stage. Then, it is impossible for the con- 
ventional two-way valve to freely change the flow rate 
of the pressure fluid charged within unit time because 
the flow rate of the pressure fluid charged within unit 
time is fixed to a constant value. 
[0005] It is assumed that a flow rate control valve (not 
shown) for controlling the flow rate of the pressure fluid 
charged into the vessel is disposed between the vessel 
and the conventional two-way valve. However it is nec- 
essary to use a member such as the flow rate control 
valve in addition to the two-way valve. The tubing oper- 
ation of the above system is complicated and the cost 
of purchasing the flow rate control valve is increased. 

SUMMARY OF THE INVENTION 

[0006] It is a general object of the present Invention 
to provide a two-way valve which makes it possible to 
change a flow rate of a pressure fluid to be discharged 
within unit time at multiple stages by using a simple 



2 

structure. 

[0007] The above and other objects, features, and ad- 
vantages of the present invention will become more ap- 
parent from the following description when taken in con- 
5 junction with the accompanying drawings in which a pre- 
ferred embodiment of the present invention is shown by 
way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0008] 

FIG. 1 is a longitudinal sectional view illustrating an 
arrangement of a two-way valve according to an 
15 embodiment of the present invention; 

FIG. 2 is a longitudinal sectional view illustrating a 
state of arrangement in which a pilot pressure is 
supplied from a first pilot port at the initial position 
shown in FIG. 1 to displace a first piston; 
20 FIG. 3 is a longitudinal sectional view illustrating a 
state of arrangement in which a pilot pressure is 
supplied from a second pilot port at the initial posi- 
tion shown in FIG. 1 to displace a second piston; 
FIG. 4 is, with partial omission, a longitudinal sec- 
25 tional view illustrating a two-way valve according to 
another embodiment; and 

FIG. 5 is a longitudinal sectional view illustrating a 
conventional two-way valve. 

30 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0009] With reference to FIG. 1 , reference numeral 1 0 
indicates a two-way valve according to an embodiment 

35 of the present invention. 

[0010] The two-way valve 10 basically comprises a 
joint section 1 4 having a pair of tubes 1 2a, 1 2b detach- 
ably connected thereto, a valve mechanism section 16 
disposed on an upper side of the joint section 14, and a 

40 pilot pressure supply section 18. A pilot pressure for op- 
erating the valve mechanism section 16 is supplied to 
the pilot pressure supply section 18. 
[0011] The joint section 14. the valve mechanism sec- 
tion 16, and the pilot pressure supply section 18 are in- 

45 tegrally assembled. 

[0012] The joint section 14 includes a body 24, inner 
members 26 and lock nuts 28. The body 24 has a first 
port 20a at an end of the body 1 4 and a second port 20b 
at another end thereof. Further, the body 24 has a fluid 

50 passage 22 for providing communication between the 
first port 20a and the second port 20b. The inner mem- 
bers 26 engage with the first port 20a and the second 
port 20b and are inserted into openings of the tubes 1 2a, 
12b. The lock nuts 28 are screwed on threaded grooves 

55 formed at ends of the body 24 to thereby keep connect- 
ing portions of the tubes 12a, 12b airtight or liquid-tight. 
[0013] The joint section 14 is not sealed at portions in 
which it intersects the ax is. The joint section 14 is sealed 
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at only portions In which it is substantially in parallel to 
the axis. Reference may be made to United States Pat- 
ent No. 5.996,636 proposed and filed by the present ap- 
plicant for details of the joint section 14. 
[0014] A bonnet 30 is connected to an upper portion 
of the body 24. The bonnet 30 comprises a cover mem- 
ber 34, a first block member 36a, and a second block 
member 36b which are integrally connected to one an- 
other by unillustrated bolts. 

[0015] The valve mechanism section 16 includes a 
first displacement mechanism 40a and a second dis- 
placement mechanism 40b. The first and second dis- 
placement mechanisms 40a, 40b are displaceable in 
the direction of an arrow X1 or X2 along a first chamber 
38a and a second chamber 38b individually formed in 
the bonnet 30 to thereby open or close the fluid passage 
22. 

[0016] The first displacement mechanism 40a dis- 
posed on the axially lower side has a first piston 42a, a 
piston rod 44 integral with the first piston 42a, and a di- 
aphragm 46 connected to the lower end of the piston 
rod 44 and displaceable integrally with the first piston 
42a. The first piston 42a is installed with a first V-shaped 
packing 41 a at the outer circumferential surface via an 
annular groove. A displacement amount (stroke 
amount) of the first piston 42a is set to be S1 . 
[0017] The first chamber 38a is formed between the 
first piston 42a and the first block member 36a. A pair 
of spring members 54a, 54b are disposed in the first 
chamber 38a. Ends of the spring members 54a, 54b are 
fastened to the upper surface of the first piston 42a and 
the other ends thereof are fastened to an annular recess 
of the first block member 36a. The first and second dis- 
placement mechanisms 40a, 40b are downwardly urged 
as a whole (in the direction of the arrow X2) under the 
resilient action of the spring members 54a. 54b. The re- 
spective spring members 54a, 54b has a dual annular 
structure in which wound diameters thereof are different 
from each other. 

[001 8] The first block member 36a has a first respira- 
tion port 56a for making the first chamber 38a externally 
(aerially) communicated through a communicating pas- 
sage, the first chamber 38a being disposed on the upper 
side of the first piston 42a. The air in the first chamber 
38a is externally supplied and discharged by the first 
respiration port 56a. 

[0019] A diaphragm chamber 58 closed by the dia- 
phragm 46 is formed on the lower end of the piston rod 
44. The diaphragm chamber 58 can externally (aerially) 
communicate through a second respiration port 56b. 
[0020] The diaphragm 46 is connected to the lower 
end of the first piston 42a by the piston rod 44 and is 
displaceable integrally with the first piston 42a. The di- 
aphragm 46 spaces from a seat section 60 formed on 
the body 24 or is seated on the seat section 60 to thereby 
function as a valve plug for opening or closing the fluid 
passage 22. The pressure fluid (orfluid) flowing through 
the fluid passage 22 is smoothly switched to be supplied 



or not to be supplied underthe opening or closing action 
of the diaphragm 46. 

[0021 ] A protecting member 62 of a ring shape is dis- 
posed on the upper surface of the diaphragm 46. The 
5 protecting member 62 is formed of an elastic material 
or the like such as rubber and protects the thin-walled 
portion of the diaphragm 46. The protecting member 62 
is held by a bent holding member 64 connected to the 
lower end of the piston rod 44. 
w [0022] The second displacement mechanism 40b dis- 
posed on the axially upper side includes a second piston 
42b, a fastening ring 68 and a nut member 70. The sec- 
ond piston 42b has a second V-shaped packing 41b in- 
stalled to the outer circumferential surface thereof via 
is an annular groove and makes the upper portion of the 
piston rod 44 slidable along a through-hole 66. The fas- 
tening ring 68 fastens an end of the second piston 42b. 
The nut member 70 is screwed on an upper end of the 
piston rod 44 and fixes the fastening ring 68. The piston 
rod 44 has a first seal member 72a and a second seal 
member 72b which are installed thereto. The first seal 
member 72a contacts the inner circumferential surface 
of the through-hole 66 of the second piston 42b to effect 
the sealing function. The second seal member 72b con- 
tacts the hole of the first block member 36a to effect the 
sealing function. 

[0023] A displacement amount (stroke amount) of the 
second piston 42b is set to be S2. Further, the displace- 
ment amount S1 of the first piston 42a and the displace- 
ment amount S2 of the second piston 42b satisfy the 
relationship S1 > S2. The valve opening degree of the 
diaphragm 46 corresponding to the displacement 
amount S1 of the first piston 42a is larger than the valve 
opening degree thereof corresponding to the displace- 
ment amount S2 of the second piston 42b. If the first 
piston 42a is displaced, the pressure fluid can flow at a 
large flow rate (see FIG. 2). By contrast, if the second 
piston 42b is displaced, the pressure fluid can flow at a 
small flow rate (see FIG. 3). Inversely, the displacement 
amounts of the first and second pistons 42a, 42b may 
satisfy the relationship S1 < S2. 
[0024] Then, the second displacement mechanism 
40b can slidably displace only the piston rod 44 upward- 
ly along the through-hole 66 without displacing the sec- 
ond piston 42b. If the second piston 42b is pressed un- 
der the action of the pilot pressure, the second piston 
42b and the piston rod 44 can be integrally displaced 
upwardly. 

[0025] The second chamber 38b is formed between 
the second piston 42b and the cover member 34. The 
second chamber 38b externally (aerially) communi- 
cates through a third respiration port 56c. 
[0026] The cover member 34 has a flow rate-adjusting 
mechanism 74 for adjusting the valve opening degree 
of the diaphragm 46 by regulating the displacement 
amount of the second piston 42b. The flow rate-adjust- 
ing mechanism 74 comprises an adjusting member 78 
and a lock nut 80. A screw section 76b and a cup section 
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76a which makes abutment against the upper surface 
of the second piston 42b are integrally formed in the ad- 
justing member 78. The lock nut 80 is screwed on the 
screw section 76b to fix the adjusting member 78 at a 
desired position. 

[0027] The pilot pressure supply section 1 8 compris- 
es a first pilot pressure supply mechanism 86a and a 
second pilot pressure supply mechanism 86b. The first 
pilot pressure supply mechanism 86a has a first pilot 
port 84a communicating with a first pilot chamber 82a 
formed on the lower side of the first piston 42a. The sec- 
ond pilot pressure supply mechanism 86b has a second 
pilot port 84b communicating with a second pilot cham- 
ber 82b formed on the lower side of the second piston 
42b. 

[0028] If the first piston 42a is pressed upwardly under 
the action of the pressure fluid supplied to the first pilot 
chamber 82a via the first pilot port 84a, the first piston 
42a and the piston rod 44 are integrally displaced up- 
wardly. However, the second piston 42b is not displaced 
although only the piston rod 44 is displaced slidably 
along the through-hole 66. 

[0029] If the second piston 42b is pressed upwardly 
under the action of the pressure fluid supplied to the sec- 
ond pilot chamber 82b via the second pilot port 84b, the 
second piston 42b and the piston rod 44 are integrally 
displaced upwardly by the fastening ring 68. The first 
piston 42a integral with the piston rod 44 is displaced 
therewith. 

[0030] A buffer member 88 of a ring shape is installed 
to the first pilot chamber 82a by an annular groove. The 
buffer member 88 absorbs the shock exerted if the first 
piston 42a is moved downwardly. 
[0031] The two-way valve 10 according to the embod- 
iment of the present invention is basically thus con- 
structed. Its operation, function, and effect will now be 
explained. 

[0032] An unillustrated fluid supply source is connect- 
ed to the first port 20a of the two-way valve 10 and an 
unillustrated fluid-operated apparatus is connected to 
the second port 20b via the tubes 12a, 12b connected 
to the first port 20a and the second port 20b. An unillus- 
trated compressed air supply source is connected to the 
respective first and second pilot ports 84a, 84b via an 
unillustrated directional control valve. Here, it is as- 
sumed that the initial position resides in a state where, 
as shown in FIG. 1 , the first piston 42a and the second 
piston 42b are in lower limit states and the diaphragm 
46 is seated on the seat section 60. 
[0033] The unillustrated fluid supply source is subse- 
quently energized atthe initial position to supply the pilot 
pressure to the first pilot port 84a under the switching 
action of the unillustrated directional control valve. The 
pilot pressure introduced from the first pilot port 84a is 
supplied to the first pilot chamber 82a. The first piston 
42a is moved upwardly by the displacement amount S1 
against the resilient force of the spring members 54a, 
54b under the action of the pilot pressure. 



[0034] Therefore, the entire first displacement mech- 
anism 40a including the diaphragm 46 is moved up- 
wardly integrally with the first piston 42a. The diaphragm 
46 connected to the first piston 42a by the piston rod 44 

5 is spaced from the seat section 60 by a given distance 
to thereby open the valve. Then ; only the first piston 42a 
and the piston rod 44 are integrally displaced upwardly. 
The second piston 42b for moving the piston rod 44 to 
slide along the through-hole 66 is not displaced (see 

10 FIG. 2). 

[0035] Consequently, the fluid supplied from the unil- 
lustrated fluid supply source via the first port 20a flows 
along the fluid passage 22. Further, the fluid is dis- 
charged to the unillustrated fluid-operated apparatus via 

15 the second port 20b. 

[0036] In the above case, the flow rate of the pressure 
fluid discharged to the unillustrated fluid-operated ap- 
paratus from the second port 20b is controlled by the 
valve opening degree of the diaphragm 46 correspond- 

20 ing to the displacement amount S1 of the first piston 42a. 
The pressure fluid at a large flow rate per unit time is 
discharged to the unillustrated fluid-operated apparatus 
based upon the displacement amount S1 of the first pis- 
ton 42a, the displacement amount S1 being larger than 

25 the displacement amount S2 of the second piston 42b 
(see FIG. 2). 

[0037] Next, the pilot pressure ceases to be supplied 
to the first pilot port 84a under the switching action of 
the unillustrated directional control valve. Accordingly, 

30 the pressure in the first pilot chamber 82a is decreased 
to move the first piston 42a downwardly under the resil- 
ient action of the spring members 54a, 54b. The dia- 
phragm 46 is seated on the seat section 60 to restore 
to the initial position shown in FIG. 1 in which the valve 

35 is closed. 

[0038] The shock is absorbed by the abutment of the 
lower surface of the first piston 42a against the buffer 
member 88 if the first piston 42a is moved downwardly. 
The vibration can be prevented from occurring, which 

40 would be otherwise caused if the diaphragm 46 is seat- 
ed on the seat section 60. 

[0039] Next, the pilot pressure is supplied to the sec- 
ond pilot port 84b under the switching action of the un- 
illustrated directional control valve. The pilot pressure 

45 introduced from the second pilot port 84b is supplied to 
the second pilot chamber 82b. The second piston 42b 
and the piston rod 44 are integrally moved upwardly 
against the resilient force of the spring members 54a, 
54b under the action of the pilot pressure. 

50 [0040] Therefore, the entire second displacement 
mechanism 40b including the diaphragm 46 is moved 
upwardly integrally with the second piston 42b. The di- 
aphragm 46 connected via the piston rod 44 is spaced 
from the seat section 60 by a given distance to thereby 

55 open the valve. Then, the second piston 42b and the 
piston rod 44 are integrally moved upwardly by the dis- 
placement amount S2 by the fastening ring 68. The first 
piston 42a integral with the piston rod 44 is displaced 
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therewith (see FIG. 3). 

[0041] Consequently, the fluid supplied from the unil- 
lustrated fluid supply source via the first piston 20a flows 
along the fluid passage 22. Further, the fluid is dis- 
charged to the unillustrated fluid-operated apparatus via 
the second port 20b. 

[0042] I n the above case } the flow rate of the pressure 
fluid discharged to the unillustrated fluid-operated ap- 
paratus from the second port 20b is controlled by the 
valve opening degree of the diaphragm 46 correspond- 
ing to the displacement amount S2 of the second piston 
42b. The pressure fluid at a small flow rate per unit time 
is discharged to the unillustrated fluid-operated appara- 
tus based on the displacement amount S2 of the second 
piston 42b, the displacement amount S2 being smaller 
than the displacement amount S1 of the first piston 42a 
(see FIG. 3). 

[0043] If the pilot pressure ceases to be supplied to 
the second pilot port 84b under the switching action of 
the unillustrated directional control valve, the second 
piston 42b is moved downwardly under the resilient ac- 
tion of the spring members 54a, 54b. The diaphragm 46 
is seated on the seat section 60 to restore to the initial 
position in which the valve is closed. 
[0044] According to the embodiment of the present in- 
vention, the first piston 42a and the second piston 42b 
which have the mutually different displacement 
amounts (S1 , S2) change the valve opening degree of 
the diaphragm 46 which functions as the valve plug. It 
is thus possible to control, at the multiple stages, the 
flow rate of the pressure fluid supplied from the second 
port 20b to the unillustrated fluid-operated apparatus. 
[0045] According to the embodiment of the present in- 
vention, the valve opening degree of the diaphragm 46 
can be freely adjusted by regulating the displacement 
amount of the second piston 42b by providing the flow 
rate-adjusting mechanism 74. 

[0046] According to the embodiment of the present in- 
vention, the first piston 42a of the first displacement 
mechanism 40a and the second piston 42b of the sec- 
ond displacement mechanism 40b are disposed in the 
bonnet 30 to be displaceabie underthe action of the pilot 
pressure supplied through the first pilot port 84a or the 
second pilot port 84b. With this simple structure, it is 
possible to control, at the multiple stages, the flow rate 
of the pressure fluid supplied to the unillustrated fluid- 
operated apparatus. Therefore, it is not necessary to 
provide a separate valve of controlling the flow rate and 
to perform a complicated tubing operation. Accordingly, 
the production cost can be reduced. 
[0047] According to the embodiment of the present in- 
vention, the second piston 42b corresponding to the 
small flow rate is operated after the operation of the first 
piston 42a corresponding to the large flow rate. Howev- 
er, either of them may be operated earlier depending on 
the flow speed desired by a user. Further, the flow rate 
of the pressure fluid can naturally be controlled at a high- 
er degree of multiple stages by providing a plurality of 



unillustrated pistons in addition to the first and second 
pistons 42a, 42b. 

[0048] A two-way valve according to another embod- 
iment is shown in FIG. 4. 

5 [0049] The two-way valve 10a according to another 
embodiment is different from the above embodiment in 
that the displacement amount of the second piston 42b 
is previously fixed by a projection 90a of a cover member 
90 without providing the flow rate-adjusting mechanism 

10 74. 

[0050] The other function and effect are the same as 
those of the above embodiment. Detailed explanation 
thereof is omitted. 

[0051] While the invention has been particularly 
is shown and described with reference to preferred em- 
bodiments, it will be understood that variations and mod- 
ifications can be effected thereto by those skilled in the 
art without departing from the spirit and scope of the in- 
vention as defined by the appended claims. 

20 

Claims 
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1 . A two-way valve comprising: 

a joint section (14) having a first port (20a) 
formed at an end of said joint section (14) and 
a second port (20b) formed at another end 
thereof, said first and second ports (20a. 20b) 
communicating with a fluid passage (22) dis- 
posed in said joint section (14); 
a valve mechanism section (16) having a plu- 
rality of displacement mechanisms (40a, 40b) 
including a valve plug for opening or closing 
said fluid passage (22) underthe action of a pi- 
lot pressure, valve opening degree of said valve 
plug being variable depending on said plurality 
of displacement mechanisms (40a, 40b); and 
a pilot pressure supply section (18) having a 
plurality of pilot pressure supply mechanisms 
(86a, 86b) including pilot ports (84a, 84b) for 
supplying the pilot pressure. 



2. The two-way valve according to claim 1 , wherein 
45 said displacement mechanisms include a first dis- 
placement mechanism (40a) having a first piston 
(42a) and a second displacement mechanism (40b) 
having a second piston (42b), a displacement 
amount (S1 ) of said first piston (42a) and a displace- 

50 ment amount (S2) of said second piston (42b) being 
different. 

3. The two-way valve according to claim 2, wherein 
said first and second displacement mechanisms 

55 (40a, 40b) are coaxially disposed. 

4. The two-way valve according to claim 1 , wherein 
said displacement mechanisms include a first dis- 
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placement mechanism (40a) and a second dis- 
placement mechanism (40b), said first displace- 
ment mechanism (40a) has a first piston (42a), a 
piston rod displaceable integrally with said first pis- 
ton (42a), and a diaphragm (46) connected to said 
piston rod (44), and said second displacement 
mechanism (40b) has a second piston (42b) for 
moving said piston rod (44) to slide along a through- 
hole (66). 

5. The two-way valve according to claim 4, wherein a 
displacement amount (S1) of said first piston (42a) 
and a displacement amount (S2) of said second pis- 
ton (42b) are different. 

6. The two-way valve according to claim 5, wherein 
said displacement amount (S1) of said first piston 
(42a) is larger than said displacement amount (S2) 
of said second piston (42b). 

7. The two-way valve according to claim 5, wherein 
one of said displacement amounts of said first and 
second pistons (42a, 42b) is adjustable. 

8. The two-way valve according to claim 5. wherein 
said displacement amount of said second piston 
(42b) is regulated by a projection (90a) of a cover 
member (90) disposed on said valve mechanism 
section (16). 

9. The two-way valve according to claim 1 . wherein 
said pilot pressure supply section (18) includes a 
first pilot pressure supply mechanism (86a) for 
pressing a first piston (42a) of a first displacement 
mechanism (40a) by supplying a pressure fluid to a 
first pilot chamber (82a), and a second pilot pres- 
sure supply mechanism (86b) for pressing a second 
piston (42b) of a second displacement mechanism 
(40b) by supplying the pressure fluid to a second 
pilot chamber (82b). 

10. The two-way valve according to claim 1, further 
comprising a flow rate- adjusting mechanism (74) 
for controlling said valve opening degree of said 
valve plug by adjusting a displacement amount of 
said valve plug. 

11. The two-way valve according to claim 10, wherein" 
said flow rate-adjusting mechanism (74) adjusts a 
displacement amount of a piston (42b) of said dis- 
placement mechanism (40b) disposed on an end of 
said valve mechanism section (16), said valve 
mechanism section (16) having said plurality of dis- 
placement mechanisms coaxially disposed therein. 

12. The two-way valve according to claim 10, wherein 
said flow rate-adjusting mechanism (74) includes 
an adjusting member (78) having a screw section 



(76b) and a cup section (76a) which makes abut- 
ment against a piston (42b) to regulate a displace- 
ment amount of said piston (42b), and a fixing mem- 
ber (80) screwed on said screw section (76b) to fix 
5 said adjusting member (78) at a predetermined po- 
sition. 
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